Mathematical Modelling of Injection Wells for Flooding Prevention in Jakarta  by Mohajit, 
 Procedia Engineering  125 ( 2015 )  207 – 212 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering Forum (EACEF-5)
doi: 10.1016/j.proeng.2015.11.030 
ScienceDirect
The 5th International Conference of Euro Asia Civil Engineering Forum (EACEF-5) 
Mathematical modelling of injection wells  
for flooding prevention in Jakarta 
Mohajita,b,* 
aInstitute of Technology Bandung, Jalan Ganesha 10 Bandung 40132, Indonesia 
bUniversity of Langlangbuana, Jalan Karapitan 116 Bandung 40261,  Indonesia  
Abstract 
Flooding problems in Jakarta cannot be handled comprehensively untill today. Various efforts in the short-term programs and long-
term programs have been conducted but the results have not been satisfactory so that the flooding problems still threaten every year 
and the intensity of floods is likely to increase. The objective of this study is to find alternative flood controls, namely, the injection 
wells, which is cost efficient and resolves the problems effectively. Injection well applications, as new methods, for flood control 
in Jakarta seem to be a very attractive alternative in respect to both technical, social impact, as well as the financial aspects. In 
addition to flood control, at the same time, injection wells may prevent seawater intrusion.  
Mathematical models were developed to represent the magnitudes of flooding problems, to predict the number of injection wells 
required, implementation schedule, as well as to estimate the investment cost for the application of injection wells. This modelling 
can be used to simulate the injection wells development plan with reference to the data that has been proven in successful 
experience, or based on the pilot scale project. Injection wells application for flood control in Jakarta is technically and financially 
very feasible, not only to cope with flood problems but also to control the sea water intrusion. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Flooding problems in Jakarta cannot be handled comprehensively untill today. Various efforts in the short-term 
programs and long-term programs have been conducted but the results have not been satisfactory and therefore the 
flooding problems still threaten every year and the intensity of floods is likely to increase. Since Dutch colonial times 
until the time of independence, the floods in Jakarta had occurred and resulted in material losses and casualties. In the 
era before independence, Jakarta floods occurred in the year 1621, 1654, 1872, 1909, 1918, and 1932, while in the 
post-independence era Jakarta floods occurred in the year 1950, 1952, 1960, 1963, 1976, 1984, 1985, 1994, 1996, 
1999, 2002, 2007, 2013, and 2014 [1]. The largest flood in the past 20 years was recorded in 2002 where the magnitude 
of flooding was predicted between 700-800 m3.s-1. In this case the loss of human lives and materials were very 
significant. The data indicate that the Jakarta floods occurred since ancient times before independence where the total 
population was still small, and the density of the building at that time was also relatively rare not as those conditions 
seen at this moment. The cause of flooding in Jakarta seems very complex. 
Nomenclature 
 unit.d-1 Unit per day ND Nominal diameter 
 OD Outer diameter ID Inner diameter 
 IDR Indonesian Rupiah (1 USD = IDR 13 000, April 2015) 
 Qi  Injection flow rate Qs Storage flow 
 
Various means and methods to deal with flooding in Jakarta has been done, for example, the development of 
drainage systems, water reservoir or small dam development, construction of flood canals, cleaning the river due to 
the blockage of garbage, and so on. The application of these systems, however, are facing many obstacles and 
constrains for further development in respect to land acquisition, traffic jam during construction, longer time periods 
for implementation, social cost, financial limitation, and so forth. Injection well applications as new methods, on the 
other hands, for flood control in Jakarta seem to be a very attractive alternative in respect to both technical, social 
impact, as well as the financial aspects. Furthermore injection wells can also improve the condition of groundwater in 
Jakarta which at this time is very alarming because it continues to decline due to excessive exploitation of the ground 
water. In addition to flood control and ground water recovery, at the same time, injection well implementation may 
prevent seawater intrusion which seems to be a big problem too in Jakarta city area at this moment.  
Injection wells are developed with the concept that the soil layer has the capacity to infiltrate water, i.e. flood water, 
which in this case injection wells can be analogized as the reverse process of ground water exploitation. Many factors 
and parameters are considered in the development of injection wells. There are three limiting factors that determine 
the development of injection wells, namely:  a) the magnitude of the flood flow, b) infiltration capacity of the soil 
layer, and c) the technical specifications of the injection well system. Depending on the magnitude of flood flows and 
technical specifications of the injection wells, the number of injection wells required for flood control can be estimated. 
The following mathematical model was developed as a tool to facilitate the development and planning of injection 
wells so that decisions making can be made easily, quickly, and accountable. The principles of system dynamics serve 
as the basis in the development of this mathematical model [2]. 
2. Materials and Methods 
Injection well system consists of influent pipe, wellhead, injection pipes, and casing pipe. The flood water will 
enter into the injection well through influent pipe in the wellhead. In the wellhead water will flow through a coarse 
screen to hold garbage and other objects which could clog the injection well. Injection flow rate depends on some 
factors including injection pipe diameter, infiltration flow rate, available driving force, and the depth of injection well, 
etc. Schematic diagram of the injection well is depicted in Fig.1. 
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Fig.1. Schematic diagram of injection well system 
Mathematical models were developed to represent the magnitudes of flooding problems and to predict the number 
of injection wells required, implementation schedule, as well as to estimate the investment cost for the injection well 
application, etc. Within this model there are five stages of the process of calculation, namely, 1) Determination of the 
speed of water infiltration into the soil, 2). Determination of criteria and limiting factors, 3). The design of injection 
wells, 4). Engineering and design calculation, 5). The simulation results (output).  
Water infiltration rate is determined based on the results of field investigations or based on the implementation of 
the pilot project, which represents the water infiltration capacity at the maximum, minimum and average. Criteria and 
the limiting factor is the range of values as a determinant in application of injection wells, for example, the speed of 
water flow in the pipe is not allowed to exceed 3 m.s-1, the water pressure in the pipe is maximum 20 bars, duration of 
flood flow is a maximum of 10 hours, etc. The Design of injection wells include wells demensional size (depth, 
diameter, injection pipe diameter), infiltration speed applications, the driving force which is required and available, 
and so on. While engineering calculation represents the mathematical calculations with a rational approach, 
proportional, integral, and deferensial, in order to obtain an efficient and effective design. Output generated from the 
engineering calculation will include technical specifications of the injection wells, the amount of investment costs, the 
number of injection wells required, time schedule, and so on. 
This modeling can be used to simulate the injection wells development plan with reference to the data that has been 
proven in successful experience, or based on the pilot scale project. Thus, Pilot scale project of the injection wells will 
be very important as the basic for the development of full-scale injection wells. 
Important parameters and criteria for the mathematical model include: predicted flood flow rate (m3.s-1), existing 
drainage system capacity (m3.s-1), duration time of flooding (h), infiltration velocity of the aquifer (m.h-1), diameter of 
injection well head (m), depth of injection well head (m), depth of the piezometric aquifer (m), nominal diameter of 
injection well pipe (mm), Qs (storage flow) to Qi (infiltration flow rate) ratio, construction target (unit .d-1), unit cost 
of injection well (IDR), and unit cost of  soil excavation (IDR). The output of the model consists of the following 
parameters: criteria or applied infiltration velocity (m.h-1), flood flow rate subject to injection well (m3.s-1), injection 
flow rate (L.s-1), driving force required (bar), driving force available (bar), number of injection wells (unit), investment 
cost of injection wells (IDR), schedule for construction (mo), schedule for preparation; Feasibility Study; Detailed 
Engineering Design (mo), schedule for total implementation (mo), and technical specification for injection pipes: 
nominal diameter, outer diameter (mm), inner diameter (mm), wall thickness (mm),  
210   Mohajit /  Procedia Engineering  125 ( 2015 )  207 – 212 
3. Results and discussion 
It was reported that the largest flood in Jakarta during the last 20 years is around 700-800 m3.s-1, while the existing 
drainage system can only handle the maximum flood of around 400 m3.s-1. It is therefore around 400 m3.s-1 of the rest 
must be pushed into the injection wells system to cope with such possible maximum flood in Jakarta. Study on the 
geological conditions indicates that the soil layer of Jakarta city and surrounding areas have a potential infiltration 
capacity, especially at soil depth of more than 200 m [3]. Few studies have been also done to implement the system 
of infiltration wells and or injection wells for flood control in the area of Jakarta city [4, 5]. Observations show that 
the layer of soil in Jakarta at a depth of more than 200 m has a relatively high infiltration capacity, where high 
infiltration flow rate as high as 1.5 m3.s-1 were found around the southern Jakarta [5], and this is the basis for the 
development of injection well system. Simulation of the mathematical models based on the data as described above 
and application of design criteria as commonly found in the development of injection well system has produced output 
as shown in Table 1 and 2. 
 Table 1. Mathematical model for injection wells development  
INPUT DATA   
No. Description Unit Value 
    
1. Predicted flood flow rate m3.s-1 800 
2. Existing drainage system capacity m3.s-1 400 
3. Duration time of flooding h 10.0 
4. Infiltration velocity of the aquifer m.h-1 2,452 
5. Diameter of injection well head m 1.0 
6. Depth of injection well head m 12.3 
7. Depth of the piezometric aquifer m 200 
8. Nominal diameter of injection well pipe  mm 200 
9. Qs to Qi ratio - 0.0015 
10. Construction target  unit.d-1 3 
11. Unit cost of injection well Million IDR 500.00 
12. Unit cost of  soil excavation IDR .m-3 250,000.00 
13. Reference for criteria of infiltration velocity   
 - Predicted from surfer application software m.h-1 6,875 
 - Predicted from injection well observation m.h-1 458 
 - Predicted from injection well experiment m.h-1 23 
 - Average infiltration velocity m.h-1 2,452 
      
 
Simulation on the mathematical model as presented above it appears that the largest flood in Jakarta (800 m3.s-1) 
might be controlled by about 2,247 injection wells, where 400 m3.s-1 will be channeled to existing drainage system 
and the rest of  400 m3.s-1 will go to the injection wells. Injection flow rate for each well will be around 178 L.s-1 which 
seems reasonable from the geological points of view. Pressure required to drain flood into the injection wells is 
approximately 4.4 bars which will in this case use the gravitational energy available. Driving force available is about 
20 bars while the system requires just 4.4 bars. 
The investment cost of one unit injection well is approximately IDR 500 million and thus to a total of 2,247 units 
injection well will need around IDR 1.129 trillion. While the value of losses due to flooding on average over IDR 3 
trillion in any flood, it appears that the construction of an injection well system can be considered as an investment 
value that is not so expensive, but it can even be regarded as a very cheap investment. If the population of Jakarta is 
currently about 10 million people, or approximately 2 million families, the investment ratio of the injection wells is 
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then approximately IDR 100 thousand per person, or about IDR 500 thousand per family. It clearly shows that the 
injection wells investment is an affordable cost. 
Construction of injection wells will be easier for implementation than other systems such as drainage systems, 
water reservoirs, deep tunnel, etc., considering that each unit of injection wells require a relatively small area and will 
not cause significant disturbance of the daily city activities, such as traffic jams, social impact, and so on. From the 
aspect of time required for the construction, which is approximately 37 months or 3 years, then the implementation of 
injection wells system can resolve the problem of flooding in Jakarta with a relatively very short time as compared 
with other methods. Therefore the application and implementation of injection wells system seems feasible in respect 
to both technical, social impact, as well as the financial aspect. 
Table 2. Mathematical model for injection wells development  
OUTPUT     
No. Description Unit Value 
    
1. Applied infiltration velocity  m.h-1 815 
3. Flood flow rate subject to injection wells m3.s-1 400 
4. Injection flow rate L.s-1 178 
5. Driving force  required for injection well bar 4.4 
6. Equivalent to horse power pump kW 160 
7. Driving force available for injection well bar 20 
8. Number of injection wells unit 2,247 
9. Investment cost of injection wells  Billion IDR 1,129 
10. Time schedule for construction mo 26 
11. Time schedule for preparation, FS, DED mo 12 
12. Time schedule for total implementation mo 37 
13. Technical specification for injection pipes   
 - nominal diameter mm 200 
 - inner diameter mm 212.8 
 - outer diameter mm 219.1 
 - wall thickness  mm 6.35 
 - working pressure - ASTM - S20 
        
 
From this model it can also be calculated the technical specifications required for injection wells system in 
accordance with the criteria applied in the development plan of the respective injection wells. 
4. Conclusion 
By applying the mathematical model it can be seen that the implementation of injection wells system for flood 
control in Jakarta is very realistic, rational, and accountable. Furthermore the application and implementation of 
injection wells system seems feasible in respect to both technical, social impact, as well as the financial aspect.  
The injection wells can also improve the condition of groundwater in Jakarta which at this time is very alarming 
because it continues to decline due to excessive exploitation of the ground water. Due to excessive exploitation of 
ground water is the intrusion of sea water moving to towards the city of Jakarta faster. Thus injection wells application 
for flood control in Jakarta is technically and financially very feasible, not only to cope with flood problems in Jakarta 
but it will also control the sea water intrusion in accordance with Ghyben-Herzberg Lens Theory. 
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